INTRODUCTION
The role played by thrombotic phenomena in renal disease has been well demonstrated (1, 2) . Fibrin aggregates have been described in acute glomerulonephritis (3) , and recently heparin has been successfully used in the therapy of acute renal failure in this and similar nephropathies (4) . The association of spontaneous thrombosis in renal veins or pulmonary arteries with the nephrotic syndrome is also well known, and it has been suggested that steroid therapy may increase the incidence of thrombotic events (5) . Recently, increased fibrinogen in the blood and fibrin deposition in glomeru-lar capillaries have been reported in nephrotic individuals (6) . However, it is difficult to demonstrate small amounts of fibrin in standard histologic preparations or even by immunofluorescent methods. Although the latter identify fibrinogen as well as fibrin, electron microscopy can both detect small amounts of fibrin and localize it and other deposits more accurately. We have investigated intraglomerular fibrin formation, platelet aggregation, and subendothelial deposits in lipoid nephrosis and the possible role of these phenomena in causing glomerular damage.
METHODS
The material studied was human renal cortical tissue obtained by percutaneous needle biopsy for diagnostic purposes. Small portions were immediately minced and fixed for 1 hr in 1% phosphate-buffered osmic acid (pH 7.2-7.5), or were first minced and fixed for 1 hr in phosphate-buffered gluteraldehyde and postfixed in osmic acid. The material was then dehydrated in graded alcohols and embedded in Epon 812, using standard methods. Unstained Epon sections approximately 2 g thick were made of at least two, but usually four, glomeruli in each case. These were examined by phase microscopy. Areas in which the capillary lumina demonstrated unexplained increased opacity were selected for examination by electron microscopy. In cases where no such areas were observed, at least two, but usually three, random glomeruli were processed. Ultra-thin sections were placed on 200 mesh copper grids and double stained with uranyl acetate and lead hydroxide. Each grid was examined completely with an RCA EMU 3H operating at 100 kv, the grid being carefully scanned so that no area would miss examination. In this manner an average of 17 sections of at least two, but usually three, glomeruli were extensively examined in all negative cases. The intensity with which these specimens were examined cannot be overemphasized. Tables  II and III , were studied in the same manner. As can be seen, an attempt was made to compare cases associated with nephrotic syndrome, cases of severe glomerular disease, and bland conditions such as benign recurrent hematuria and nephrosclerosis.
Pathologic criteria
The findings we consider significant may be divided into four categories: fibrin formation, platelet aggregation, subendothelial deposits, and focal glomerular capillary collapse.
1Hyland Laboratories, Los Angeles, Calif. Fibrin formation. Material considered to be fibrin consisted of parallel arrays of densely stained fibers (Fig. 1 ).
These averaged approximately 30 A in width and were arranged uniformly approximately 30 A from one another. (Fig. 2) , although present in all cases, was frequently indistinct or imperfect and could not be identified in all areas. The fibrin was not diffusely distributed throughout the glomerulus but rather was found in from only one to rarely more than three FIGURE neighboring capillary loops, and usually only one of three glomeruli studied was involved. In most instances the fibrin was observed free within the capillary lumen and was unassociated with platelet aggregation, although in some cases fibrin was found only enmeshed with platelets. Pure fibrin aggregates were definitely attached to the capillary wall in one case (Fig. 3) , and very probably attached in three other cases of lipoid nephrosis (Fig. 2) .
Platelet aggregation. The apparent loose adherence of from two to four thrombocytes with little or no condensation of granulomeres and intact plasma membranes was not an infrequent occurrence in a great variety of conditions. It was felt that this phenomenon could happen very rapidly and could therefore be secondary to the biopsy procedure. Therefore, only cases in which four or more platelets were tightly aggregated and showed at least partial dissolution of plasma membranes and granulomeres were accepted as positive (Fig. 4) . Although fibrin was enmeshed with the platelets in some instances, its presence was not considered necessary. Platelet aggregates both with and without associated fibrin formation almost invariably appeared adherent to the adjacent capillary epithelium. Usually only one and never more than two platelet aggregates were found in any given case.
Subendothelial deposits. Focal, densely staining subendothelial deposits were not infrequent. (Fig. 5 ). The material comprising these deposits was morphologically indistinguishable from that seen in various locations in several other conditions such as systemic lupus erythematosus and acute post-streptococcal glomerulonephritis, except that in the present cases they were strictly focal and applied against the luminal surface of the glomerular capillary basement membrane. Under high magnification this material appeared very finely granular and did not resemble fibrin. It occasionally contained what appeared to be remnants of sub- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . This was observed apparently unassociated with platelet aggregation in nine cases. However, platelet plus fibrin thrombi were observed in other areas of three of these. Six cases exhibited pure platelet aggregates. There was no apparent correlation with steroid therapy although no patient with fibrin plus platelet thrombus formation was known to be on such medication.
As mentioned above, one patient showed very definite adherence of the fibrin to the luminal surface of the glomerular capillary basement membrane (Fig. 3) . Masses of fibrin and cells, presumably blood cells, practically obliterated the lumen in this area. This case has certain unusual features which must be mentioned. The patient is a 30 yr old male who required hospitalization after multiple bee stings at the age of 15, underwent a splenectomy for thrombocytopenic purpura at age 19, and developed arthritis at age 21. 2 yr later a diagnosis of myasthenia gravis was made. The nephrotic syndrome for which this biopsy was performed developed approximately 3 wk after the patient was bitten by an insect of unknown nature. Despite this admittedly unusual history, we have included this case because the changes seen in light microscopy were only minimal. Three other cases showed apparent adherence of the fibrin thrombus to the capillary endothelium (Fig. 2) .
Nine cases also demonstrated focal dense subendothelial deposits. In four of the female cases (Nos. 10, 11, 13, and 16) similar material was noted in the capillary lumen and appeared contiguous with the subendothelial deposit in one of these (Fig. 7) .
Focal capillary collapse could be observed in all cases even when no change was found by light microscopy although usually only one or two such foci were observed in any one case. It is reemphasized that these specimens were methodically scanned and that such focal lesions could easily be missed if a more random search were used. Thus, 10 cases of active lipoid nephrosis revealed fibrin formation, eight revealed platelet aggregation, and subendothelial deposits were found in nine. All of the patients were normotensive. Cholesterol values varied from 350 to 1278 mg/100 ml. Serum a2-globulin levels where available were consistently elevated.
A search of previously studied routine electron micrographs of 112 cases of lipoid nephrosis revealed three additional examples of fibrin formation, and four of platelet aggregation (Table I, Lipoid nephrosis in remission. Six case of lipoid nephrosis considered to be in partial or complete remission were studied intensively as described above (Table  II) . These patients originally met the criteria for active lipoid nephrosis as described above but at the time of the present biopsy were free of edema, and had normal serum protein and cholesterol values. Proteinuria, if present, was much less than during the nephrotic state. In no case was fibrin noted. Subendothelial deposits were found in a 16 yr old boy and in a 4 yr old boy, both in remission on steroids for 3 yr.
Control cases. Fibrin and platelet aggregates were found in two ot six patients with nephrosclerosis and hypertension. One of these had severe hypertension and a serum cholesterol value of 320 mg/100 ml. The other patient had moderate hypertension and a serum cholesterol of 262 mg/100 ml. A platelet aggregate was also found in a third patient with moderate hypertension but whose serum cholesterol value is not available. One out of six cases of benign recurrent hematuria revealed fibrin formation. Two of these cases showed minimal focal glomerular lesions by light microscopy. The others revealed no significant changes. The positive patient, a 24 yr old male, had negative findings on light microscopy, but a serum cholesterol of 500 mg/100 ml. The five negative patients were from 2 to 8 yr of age and none of the four patients tested had a serum cholesterol over 190 mg/100 ml.
Ihnmunofluorescence. Nine cases of active lipoid nephrosis, five males (Nos. 4 Since this material has little structure it is more difficult to locate than the more dense and characteristically structured fibrin. Our immunofluorescence studies show poor correlation with our electron microscopic findings of fibrin. This is felt to be due in part to the fact that both fibrin and intraluminal material described above are frequently present in very small amounts and therefore may easily be missed when studied by fluorescent techniques. It is interesting, however, that the only case (No. 16) showed intraluminal material by electron microscopy and which was also studied by immunofluorescence gave positive results.
As was noted above, the serum a2-globulin and the cholesterol were invariably elevated in those cases of the nephrotic syndrome in which it was determined. When fibrin was found in noninflammatory, nonnephrotic conditions, the serum cholesterol was also usually elevated. It has been observed by others that the antifibrinolytic effect of serum resides largely with the a2-globulin fraction (7). It has further been shown that the kidney plays a role in the regulation of fibrinolysis (8) (9) (10) and that this system can become impaired with renal damage (11) . Antifibrinolysin studies are unfortunately unavailable in our cases. However, it is possible that the increased finding of fibrin is related both to the elevated blood lipids and to any renal disability which may be present because of the underlying disease process. On the other hand, the literature offers considerable experimental evidence that the coagulation process can cause glomerular damage and immunofluorescent and biochemical observations suggest that similar processes operate in human disease (2, 3) . It has been suggested by some investigators that phagocytosis of fibrin and fibrinogen derivatives such as incompletely polymerized fibrin caused swelling and proliferation of intercapillary and epithelial cells (12) and there is also evidence that the process in toxemia is similar (13) .
It is known that platelet aggregation is enhanced by fibrin polymerization (14) , fibrin split products (15) , and fatty acids (16, 17) . Aggregation of platelets by adenosine diphosphate has been found to be enhanced if fibrinogen levels are low, even if in the low normal range (18) . Thus, the finding of platelet aggregates in the cases presented here could reflect transformation of fibrinogen to fibrin rather than merely the elevated blood lipids. In any event, some activation of the coagulation process would seem to be involved.
The presence of subendothelial deposits is equally intriguing and difficult to evaluate. The finding of apparently identical material in the vascular lumen in three cases with possible direct contiguity with a subendothelial deposit in one case suggests that the material arrives via the blood stream. One possibility, as suggested above, is that this material derives from the coagulation process. It is also possible that these deposits are related to deposits of IgG or 91c globulin which has been demonstrated by immunofluorescence by Drummond, Michael, Good, and Vernier (19) in a small group of patients (their group II) who were similar to our patients with lipoid nephrosis and most of whom showed minimal changes by light microscopy. However, all of the nine cases we studied by immunofluorescence were negative for these proteins.
Whether these deposits may represent part of the process of removal of fibrin or an aggregate of antigenantibody complex cannot be determined at this time, but the general tendency for them to be present in cases of longer duration would suggest that they are related to the disease process in lipoid nephrosis. Other available evidence presented above, although inconclusive, points to the coagulation process as a likely source. Unfortunately, more extensive studies are required to elucidate this problem.
Both hyaline glomerular capillary thrombi and focal glomerular sclerosis have been seen in lipoid nephrosis. Although proof is lacking, the findings presented above are compatible with the concept that in lipoid nephrosis the formation of small fibrin aggregates adherent to glomerular capillary walls could lead to focal capillary collapse and evential obliteration of the capillary lumen in those areas. Extension of this process could lead to progressive obliteration of glomeruli.
